Background. Consider the fact that the implementation of aerobic exercise can be effective in the learning and acquisition process, and that training athletes to acquire new skills is appropriately done in terms of the primacy and recency of the training time for aerobic activities such as the warm-up. Objectives. The purpose of the present study was to investigate the effect of moderate-intensity aerobic activity before training on the acquisition, consolidation memory, and coordination pattern of the elbow joint with regard to the short service in badminton. Methods. Thirty-eight participants aged 17 to 19 years were selected by convenience sampling and purposive sampling. The participants were randomly assigned to two experimental groups (n=14 and n=10) and a control group (n=14) based on aerobic capacity. Before and after the badminton short service training, the participants ran for 20 minutes on a treadmill at a speed of about 70% of their maximum heart rate. At various stages of training, the precision of the shuttlecock landing spots was measured based on the French test at the time of acquisition, immediate retention, retention, and transfer in all three groups. Also, using motion analysis, the range of motion of the wrist, elbow, and shoulder joints was measured. Moreover, by using a PCA, the coordination pattern of the range of motion of the elbow joint was compared in all three groups. Results. There was no significant difference between the groups in terms of the accuracy of the short service in badminton in the French test based on aerobic exercise before and after training (p<0.05).A significant difference was observed between all parts of the test and the transfer test (p>0.05). Also, there was no significant difference in the coordination pattern of the range of the elbow joints between the groups. Furthermore, the repeat of service has no significant effect on the motion pattern in any way. Conclusion. According to the impact of moderate-intensity aerobic activity before and after training on the acquisition, consolidation of memory, and coordination pattern of the elbow joint, there was no significant difference in the accuracy of the short service in badminton.
INTRODUCTION
Motor learning is a set of processes associated with the practices and experiences leading to relatively constant changes in the ability to carry out movements. A process is a series of events that leads to certain results, states, or changes (1) .
One of the main objectives of the study of cognitive learning is to identify dependent variables that may enhance or disrupt the learning, or that may play no role in it. It is necessary to identify these variables related to Darzabi, T., Taheri, H. R., Saberi Kakhki, A. R. (2018). Ann Appl Sport Sci, 6(1): 37-46.
learning and practical applications in training and other learning opportunities (1) .
In this regard, the researchers of motor learning sought to examine the factors that enhance the performance of motor skills over time. One factor that affects the formation of memory and motor learning is practicing skills with physical activity (2) (3) (4) . Participating in physical activities such as aerobic exercises can particularly affect the formation of memory and motor learning (5) . In this context, participation in regular physical activity may be considered one of the best solutions available for learning and memory (6) . The results show that the potential impact of intense exercise on identifying and encoding procedural information during exercise after the training is not transmitted immediately and is not observed at the time of acquisition. Hence, it can be useful to implement a period of intense exercise related to motor tasks that focus on accuracy and the acquisition of motor skills (3) . In fact, recent evidence suggests that moderate-intensity exercise has harmful effects on accuracy (3) . Therefore, the high arousal level enhances the process of encoding that temporarily inhibits data recovery through memory consolidation (7) . This process has destructive effects on short-term memory (8) . Another possibility is that the memory representation of motion is still not stabilized when the first retention test is run. Therefore, the positive impact of intense exercise on memory is not yet fully proven, and there is a contradiction between immediate and delayed retention tests, which is not unusual in studies of learning motor skills (9) .
Little research has focused on the position of aerobic exercise in training programs. Some research has examined the effect of aerobic exercise intervention on the short serve in badminton using the cognitive task (3, 10) or the tracking task (11) and the continuous task. These studies have shown different results on the effect of aerobic exercise on motor tasks. In this context, Labban et al. (2011) reported that performing aerobic exercises before training can be more effective than exercise after training (12) . In contrast, Roig et al. (2012) examined the effect of moderate-intensity aerobic exercises on elbow torque. They concluded that there is no short-term effect of aerobic exercise and improved performance can be seen only in the delayed retention. They used the tracking task for visual-motor accuracy. Thus, a lever was used to show torque and angle changes, and track the target on the screen from left to right. The findings of this study showed no significant effect but they indicated improvement in the accuracy of the visual-motor task over time.
Other studies have shown that aerobic exercise improves delayed retention in motor skills (11) . These findings were approved for adolescents (9.5 years), middle-aged people (19-25 years) , and elderly people (60-74 years) (13, 14) . A study investigated the impact of aerobic activities on cognitive performance through the comparison of two methods: cycling and running on a treadmill. The findings indicated that cycling-based aerobic exercises enhance performance during and after exercise but treadmill-based aerobic exercises cause disturbance during exercise and result in little improvement in performance after exercise. The results indicated a complex relationship between exercise and cognitive performance, and increased performance depends on the type of cognitive skills and the type of exercise (15) .
Among the subjects in the mentioned studies were biomechanical variables but the pattern of coordinated movement has not been studied. In other words, coordination and variability also seem to be important in explaining the results. The adjustment of coordinated movement is necessary for dynamic performance (16) . The relationship between coordination variability and task has been examined in non-related badminton studies (17, 18) . It is also suggested that coordination variability indicates the flexibility of the system to seek optimal performance (17, 18) . Consider the fact that the implementation of aerobic exercise can be effective in the learning and acquisition process, and that training athletes to acquire new skills is appropriately done in terms of the primacy and recency of the training time for aerobic activities such as the warm-up. Some trainers perform the training at the beginning of the training session while others do it after the warm-up and aerobic activities, and even at the end of the training session. Therefore, a question arises: What impact can moderateintensity aerobic activity, such as a warm-up before or after a skills training session, have on the learning process? 
MATERIALS AND METHODS

Participants.
The study was an applied research based on the quasi-experimental design. Thus, two experimental groups and one control group were compared. The sample included 38 male students aged between 17and 19years who lived in the city of Mashhad. In the first step, the participants were acquainted with the nature and the process of the study. The inclusion criteria were as follows: being healthy based on health questionnaire, no smoking, and lack of familiarity with badminton. The participants voluntarily participated in the study and signed a consent form. They were randomly assigned to two experimental groups (n =14 and n = 10) and a control group (n = 14) based on the results of the Bruce and Raven IQ test. Their body mass index was in the range of 21.30 ± 2.55; their intelligence was in the range of 115.24 ± 9.67; and maximal oxygen uptake was in the range of 44.90 ± 7.05 mL/kg per minute.
Instruments and Equipment. The height of the participants was measured by the digital stadiometer seca (made in Germany) with a sensitivity of 5 mm to calculate the body mass index (BMI).The participants did not eat or drink for four hours before the test, and possibly their bladder, stomach, and intestines were discharged. The participants' IQ was measured by the Raven IQ test. The Raven IQ test included 60 image questions (A12, B12, C12, D12, E12) and each question had six to eight options. The scores for the60 questions were calculated to measure the participants' IQ. The correlation coefficient of the test was measured by the Stanford and Wechsler tests (0.4-0.75),and the validity was 0.7-0.9 for the older participants (19) .
Maximal Oxygen Uptake. The maximal oxygen uptake was one of the inclusion criteria. It was measured by the Bruce test. In this 10-step method, the treadmill was started at 2.74 km/hr (1.7 mph) and at a gradient (or incline) of 10%. The speed and incline progressively increased until the participant was exhausted and unable to run. The maximal oxygen uptake in the Bruce test was calculated using Equation 1. French Badminton Test. The French badminton test was used to measure the score forthe short serve (20) . This test evaluates the accuracy of the short serve in badminton with respect to the ball landing in the confluence of the length line and the short service line.The Qualisys motion analysis system made by Qualisys AB, 2013-12-12, was used to measure the actual landing distance from the point and a phosphorus marker with awidth of 5 mm was installed on the perimeter of the shuttle ball. Yonex rackets and balls approved by Ball Badminton Federation, and a net with a height of 1.55 meters and a length of 6.10 meters were used for the short serve in badminton.
Procedure. Each of the groups participated in an initial training session, including on how to hold a racket correctly, and familiarity with the court, ball, and rally. Each group was scheduled for the following stages: training, acquisition, immediate retention, retention, and transfer. All activities of the groups were done in the morning to ensure that there was no difference in runtime. In the first session, the participants were trained to perform the Beck India Short Service in badminton. The four blocks of 10 trials were conducted by specifying the ball landing area based on the French test in badminton. There was a five-second rest between each trial and a five-minute rest between each block (20) .The participants were given the same description and feedback during each step. The control group did not take any action before and after the training and the trials. Experimental Group 1 (n = 14) before training and Experimental Group 2 (n = 10) after 40 trials ran on a treadmill for 20 minutes. The first and last three minutes were under lower pressure for the warm-up and warm-down. They ran for 14 minutes at 65% of maximal oxygen consumption. The second session (continuation of the process of acquisition and acquisition test) was held for each group after 48 hours. Again, the participants performed four blocks of 10 trials (without any aerobic activity).At the end of 40 trials in the second session, each participant rested for 40 minutes and then each participant performed 10 trials to review the immediate retention. The third session was held for each group after 72 hours. Again, the participants performed 10 trials. The fourth session was held for each group after 96 hours. Again, the participants performed 10 trials as before. They performed 10 trials by changing the ball landing area to check the transfer. Before performing the trials, all the groups performed the same stretching and flexibility exercises for five minutes. The data was collected based on lining the badminton court and the French test on the ball landing area. The scores were recorded using the Qualisys motion analysis system. Information Processing. Information processing was done using MATLAB software. In order to smooth out the information, the fourthorder Butterworth low-pass filter with a cutoff frequency of 12 Hz was used. The range of movement for the shoulders, elbows, and wrists was measured (21) . After measuring the range of movement for the joints, a principal component analysis was used to determine the variability of the pattern for coordinated movement (22) . Principal component analysis is a statistical procedure that uses an orthogonal transformation to convert a set of variables into uncorrelated principal components. Each principal component explains some of the variances in the data; hence, the first principal components explain more variances. The contribution of each variable in the formation of each principal component is represented by coefficients. Finally, the elbow coefficients were extracted from the angular pattern of badminton skill in pre-test, acquisition, immediate reminder, and post-retention after five days, retention after nine days, and transfer.
Statistical Analysis. The collected data was analyzed using SPSS (version 16). After confirmation of the normal distribution of the data using the Kolmogorov-Smirnov (K-S) test and the homogeneity of variance using Levene's test, the repeated measures ANOVA was used to compare the between-groups mean and the within-groups mean. The results were analyzed at a significance level of p<0.05.
RESULTS
The characteristics of the subjects are shown in Table 1 . There was no significant differences between the three groups before the intervention in terms of age, height, weight, IQ test, and maximal oxygen consumption (p>0.05). Table 2 shows the results of the ball landing area at the confluence of the long line and the short line in the badminton court in millimeters for the three groups. According to the French short serve test, the lower the distance of the ball landing to the point, the higher the accuracy. Table 3 , there is no significant difference in the effect of aerobic activity before and after the short serve training at all stages of acquisition (p = 0.563) and the effect of memory consolidation on the accuracy of the short serve (p>0.05). The results show that repeating the serve has a significant effect on the accuracy of the short serve in badminton (P=0.001, F= 4.920). According to the results of the least significant difference (LSD) test, there is a significant difference between the pre-test and other steps. There was no significant difference between the various methods (aerobic activity before and after training) (P= 0.426, F= 0.875).The number of repeats at different times had no significant effect on the different methods (P= 0.097, F= 0.999). The results of the elbow coefficients in the angular pattern of badminton are shown in Table  4 . According to Table 5 , the effect of aerobic activity before and after low serve badminton training was not significant on all stages of acquisition (p = 0.218) and memory consolidation between three groups for the elbow coefficients in the angular skill pattern (p <0.05).
DISCUSSION
This study aimed to investigate the impact of moderate-intensity aerobic activity before training on the acquisition and consolidation of memory for the short service in badminton. The results of the study indicated that aerobic exercise has no significant effect on the accuracy of the acquisition and retention of the short serve in badminton. The findings indicated that aerobic exercise after training can lead to a drop in the accuracy of the immediate retention. These results were consistent with the findings of the studies conducted by Roig 2012) reported that moderate-intensity aerobic exercise does not have a significant effect on the performance of the tracking task (11) . These results were inconsistent with the findings of studies indicating that aerobic exercise has a positive effect on the acquisition of motor skill accuracy (23) (24) (25) . Table 3 T., Taheri, H. R., Saberi Kakhki, A. R. (2018) . Ann Appl Sport Sci, 6(1): 37-46. According to the findings, the difference in the accuracy of the serve in the pre-test of both groups reflected the effect of aerobic exercise before training on the accuracy of the serve. Although a 35-mm difference in the accuracy of the serve between the two groups was not statistically significant, it could show important differences. This difference was probably the result of aerobic exercise in Experimental Group1and showed an increase in the accuracy. In the pre-test, significant improvement was created in the aerobic exercise before and after training and without aerobic exercise (control group). This improvement could not be due to aerobic exercise because two experimental groups and particularly the control group did not do any exercise before acquisition. However, learning significantly occurred in the pre-test in such a way that errors were greatly reduced. According to the analysis of the steps of learning, the research samples in the pre-test were in the step of the cognitive learning. Therefore, significant improvements occurred in the pre-test. However, the research results were inconsistent with other findings in this regard. For example, Dietrich (2004) reported that aerobic exercise can be harmful for motor function (26) .Some research considered these exercises useful for motor function (27) and some studies reported that these exercises had no effect (28) .Also, Labban et al. (2011) reported that aerobic exercises before training can be more effective than aerobic exercises after training; our findings support this interpretation (12) . Roig et al. (2012) achieved the opposite findings. They conducted a study and concluded that in the early stages of learning, there is no significant difference, but after seven days of participating in the retention tests, performing aerobic exercises after training has a greater effect on learning before the training (11) .
. Comparison of within group variance and between group of accuracy of short service badminton in separate groups during test (Mean±SD)
P-value
By comparing the experimental groups with the control group, we conclude that the highest error in the test of acquisition and retention of the three groups is related to the errors in the five days after the intervention in Experimental Group 1, as well as immediate retention in Experimental Group 2 after 40 trials. Therefore, performing the intensity aerobic exercises before training at 65% to 70% of maximal oxygen consumption has a great refection performance and stabilizes memory. Memory consolidation for five days can create deep and durable learning and then motor memory loss occurs. It is not clear why these exercises have a significant impact on the acquisition and the immediate retention. In this case, aerobic exercise can improve the accuracy of the serve for up to nine days but the progress is very slow. Given that minor differences in the levels of performance make a considerable difference in the result of the race, this progress should be considered. The results of Experimental Group 2 also support this explanation. When the aerobic exercise is performed after training, the highest error rate occurs during 48 hours after the aerobic exercise. After this time, the little progress in five days of the aerobic exercise has still not reached the performance level of the acquisition, indicating the minimum memory loss in this period of time. T., Taheri, H. R., Saberi Kakhki, A. R. (2018) . Ann Appl Sport Sci, 6(1): 37-46.
The findings of the PCA-based coordination show the contribution of the elbow joints in the implementation of the movement pattern. Accordingly, there is no significant difference between the coordination for the movement range of the elbow joint in the two groups at any stage of the learning process, and these results confirm previous results. In fact, these findings indicate that the contribution of the movement range of the elbow for the coordinated pattern has not been changed despite the mean differences; therefore, aerobic exercise before and after low serve badminton training cannot affect the pattern for the movement range of the elbow joint. The coordinated movement is multi-dimensional and requires the movement of subsystems, the coordination of eye, hand, rocket, and ball (22), inter-segmental coordination (29) , intra-limb coordination (30) , and inter-limb coordination (31) . Based on the limb-striking pattern, the shoulder, elbow, and wrist should have appropriate function to develop a proper pattern for coordinated movement. According to the findings of this study, aerobic exercise has a superficial effect on learning, only affects the output of movement behavior, and probably cannot create sustained effects at the pattern level for coordination in the joint or neural signals. In fact, there was no significant difference in the subjects at the measurement steps. The results of the pattern for coordination emphasize the sustainability of the pattern at different stages. It seems that, independently of the form of the training, players can repeat the serve skill in a similar pattern and the possible reason is the simplicity of the skill. There was no difference in the results of the precision test. Also, the adjustment in the coordination results of the elbow and precision results indicate the level of simplicity for coordination. Roig et al. (2012) argued that no effect of aerobic exercise on the acquisition of motor skills in a short time may be related to fatigue caused by the aerobic exercise, leading to a reduction in the accuracy of the tracking task (11) . Recent evidence suggests that moderate-intensity aerobic exercise may have harmful effects on the accuracy of performance (3) .Some researchers have suggested that the choice of the type of cognitive training and protocol specification can be effective in improving performance (15) . Kantak et al. (2012) reviewed the findings of 41 studies on motor skills. The results showed that 19 studies indicate a significant difference between groups in the delayed retention tests (9) .
One reason for the difference in findings is the type of task. The task for the short serve in badminton as a single task is different from the task used in the study of Roig et al. (2012) . Roig et al. (2012) used the tracking and permanent task. The difference in the nature of the task in the present study and the task used in the study of Roig et al. (2012) may explain the differences in the findings (11) . Roig et al. (2012) used the aerobic exercises at 65% to 70% of maximal oxygen consumption, similar to the present study. One of the findings was a significant difference in the memory consolidation test. No significant differences were observed in the acquisition and the immediate retention in the study conducted by Rouge et al. (2012) . Their findings support the results of the present study. It seems that no significant impact of the aerobic exercise at 65% to 70% of maximal oxygen consumption on the acquisition and the immediate retention are due to the features of the task in the present study. It is likely that the lower-intensity aerobic exercise affects a single task, such as the short serve in badminton (11) . For example, Joyce et al. (2009) used the aerobic exercise at 40% of maximal oxygen consumption but no significant results were observed after training (32) .
There seems to be a kind of exchange between the effects of aerobic exercise on cognitive performance and the short serve. The research findings show the effect of aerobic exercise on immediate cognition (33, 34) . They have proven this effect on motion performance in delayed retention (10) . The results of the present study support these findings and indicate the effect of aerobic exercise on short serve performance (as a single motor activity) for up to fivedays. It can be concluded from these findings that the low cognitive load (such as performing the short serve in badminton) can reduce the impact of the aerobic exercise at 65% to 70% of maximal oxygen consumption on motor function. In contrast, increasing the cognitive load and time for performing tasks (such as the tracking task) enhances the effect of aerobic exercise on motor function. According to the obtained results, moderate-intensity aerobic exercise can have a positive effect on cognitive function, and on learning and memory processes (15, 35) . Also, performing aerobic activity moderates memory and has a positive impact on it. The studies include the effect of aerobic exercise on shortterm memory (10, (36) (37) (38) and long-term memory (12, 37, 39) , which supports the hypothesis. The researchers argued that medium-and highintensity aerobic exercise can improve the speed of response in the working memory and has little or no harmful effect on the accuracy of movements. Decreasing accuracy may be due to an increase in the concentrations of catecholamine's, leading to an increase in motor noise and a decrease in accuracy (3) . It is not clear if the cognitive-motor intervention in a simple task can be observed in other intensities of aerobic exercise by controlling the conditions of the experiment.
It should be noted that using the task of the serve in badminton as a single task can enhance the process of learning but cannot indicate the impact of the aerobic exercise well. One reason is the low impact of the aerobic exercise, which makes it difficult to measure. In fact, the maximum effect of the aerobic exercise is much less than the effect of the exercise on the samples. With regard to the content of the task in the study, the aerobic exercises are ineffective. In fact, this problem can be attributed to a lot of research in this area. Therefore, it is necessary to revise the methodology. This is a common challenge in studies on motor behavior (1) . It is likely that the effect of aerobic exercises on accuracy can effectively be investigated using more limited tasks with lower degrees of freedom. According to these reasons, future research can use more limited tasks and those associated with lower learning to investigate the effects of aerobic exercise.
CONCLUSION
The results of the study indicated that aerobic exercises before training at 65% to 70% of maximal oxygen consumption is more effective than aerobic exercises after training in reducing the rate of motion error, increasing accuracy, and improving the short serve in badminton. It is likely that this result is true for other short-term tasks. An idea can be used to compare the single and continuous tasks in terms of the effectiveness of aerobic exercise at 65% to 70% of maximal oxygen consumption and to control these effects. The findings could also potentially be affected by a cognitive-motor intervention. The type of the task and the cognitive requirements can determine the level of the intervention. However, more research is needed to investigate the exact effects of different intensities of aerobic exercises on various tasks in terms of the features of the motor control and provide practical results.
APPLICABLE REMARKS
 The results of current study indicated that most coaches used moderateintensity aerobic exercise in the form of warm-up before skills training, which can be applied to improve the accuracy and improvement of motor skills, aerobic training, and warming-up after skills training without any discomfort in the accuracy and pattern of skill applicable.
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